The literature contains a remarkable lack of information on the long term respiratory symptoms that are experienced by children of low birth weight. Our knowledge is based on a number of retrospective studies designed primarily to evaluate lung function. These studies concern small, heterogeneous groups of survivors selected on the basis of a number of different criteria. It is nevertheless fairly well established that respiratory illness and chest symptoms are common in the first year of life in those who survive neonatal respiratory distress syndrome.1-7 The severity of these early symptoms appears to be related to the intensity of respiratory treatment in the neonatal period.7 8 During the first year most of the survivors improve rapidly in respect of both clinical features and lung function,7 9 so that by school age, children are generally symptom free and are presumed to have recovered completely. 1012 These conclusions are based for the most part on studies that were carried out at a time when there were relatively few long term very low birthweight survivors. Recently, with increased survival of very small infants, a number of studies have shown abnormal airway function at school age.' 15 Little is known, however, of the clinical importance of these physiological findings as very few authors have attempted to relate their measurements to symptoms. Those who have done so have been concerned only with whether or not the subjects were 'symptomatic' in comparison with either 'normal' or 'historical' controls rather than with a truly representative random sample of children from the general population who were born at the same time. In addition, most studies have dealt with the outcome in highly selected groups of subjects with, for instance, respiratory distress syndrome or bronchopulmonary dysplasia. There is no published study that has systematically examined the long term respiratory morbidity of prematurely born children with and without neonatal respiratory illness.
The present study had two specific objectives. Firstly, we aimed to examine the long term respiratory morbidity in a cohort of age specific and birthweight specific low birthweight children (less than 2000 g) at the age of 7 years and to compare them with an unselected reference population of local schoolchildren of the same age. Secondly The studies were approved by local ethics committees and the education authority. Informed consent was obtained from parents of both the low birthweight cohort and the local schoolchildren.
PROTOCOL
Identical questionnaires were used to record clinical, social, and family history for the low birthweight cohort and the reference population. (A copy of the questionnaire can be obtained from the corresponding author.) The low birthweight children were seen in hospital lung function clinics together with their parents. We were unable to obtain their clinical history by direct interview. On the other hand, the reference children were seen at school without their parents, who were therefore asked to complete both a consent form and a questionnaire at home and to return them to the school. In the questionnaire we asked if the child had symptoms of cough and wheeze, if the symptoms occurred occasionally or frequently, if the child had previously had treatment or had been in hospital for chest illness and if any members of the close family (natural parents and siblings) had asthma, hay fever, or eczema. We asked about the occupation and the average number of cigarettes currently consumed per day by each parent. Information on home condition, such as the type of fuel used for cooking and heating, if the home was cold or damp, and if any pets were kept, was also sought. We recorded whether the child had had a cold within the previous four weeks.
Even though the same questions were asked, we could not be certain about the comparability of the questionnaire responses in the two populations of children, as the methods used, interview or self administration, were different. For this reason, at the end of our study parents of all the children in the study were asked to complete a second self administered questionnaire, which was again identical for both groups of children. Those for the low birthweight cohort were sent by mail, whereas those of the reference group were delivered by their class teachers. This questionnaire allowed us to determine repeatability and to ask a few additional questions.
In order to improve its return rate, questions concerning parental social class and home conditions were omitted from the second questionnaire. Instead, further details of current symptoms were sought and questions concerning previous chest infections, admissions to hospital, atopic diathesis (asthma, hay fever, and eczema) in the family, and parental cigarette consumption were repeated. We also asked if smoking habits had changed in the previous few months. The second questionnaire was administered at the same time for both groups of children. In order to ensure that the questionnaire was completely filled, the parents were asked to indicate those questions that they did not understand or could not answer. The mean time interval between the two questionnaires for the low birthweight children was about five months whereas for the reference group it was three months. A final total of 95% and 89% of the questionnaires were returned by the parents of the low birthweight and reference groups respectively. To ensure comparability between low birthweight cohort and the reference population, the second questionnaire formed most of the data base for this analysis. Only the parents' occupation and home conditions were based on the first questionnaire.
Lung function and bronchial responsiveness to histamine were measured on all children who did not have a recent respiratory infection. Details are described elsewhere. 16 In order to examine the association between long term symptomatology and the level of neonatal intensive treatment, an oxygen score that reflected both the duration and intensity of treatment in the neonatal period was computed. This was derived by allocating one point for each hour of oxygen treatment with an inspired oxygen concentration between 22% and 40%, two points for each hour between 41 and 60%, three points for each hour between 61 and 80%, and four points for each hour between 81 and 100%.
Crude examination of the association between perinatal and other risk factors and long term symptomatology was initially analysed using x2 tests. For convenience the symptoms were considered present if they were reported to be still frequent, irrespective of whether they occurred unprovoked or after colds. Wheeze and cough were considered separately. As no allowance had been made for multiple tests performed, it was therefore prudent to accept a p value of <0-01 as indicative of statistical differences between groups.
Multiple logistic regression analysis was used to test the hypothetical association between symptoms and perinatal factors allowing for other factors that might also influence the occurrence of symptoms. more consistently answered by parents of the low birthweight cohort.
FAMILY, HOME, AND ENVIRONMENTAL BACKGROUND There was no difference in the atopic background between the low birthweight and the reference group, as evidenced by the similarity in the prevalence of familial asthma and hay fever (table 2) . More mothers than fathers were current smokers in both groups. This was in part due to the fact that mothers only were present in the many single parent households, although the prevalence of maternal smoking remained higher than that of paternal (table 3) . This is consistent with the fact that a family history of asthma was no more common in the low birthweight cohort than in the reference group (table 2) . A history of whooping cough, previous chest infection, and a previous admission to hospital for Significance of association by x2 test: *p<0-05; **p<0-01.
(As no allowance has been made for multiple comparisons, the level of significance should be taken as p<0-01.) tParents who were either unskilled or unemployed.
Respiratory symptoms in children of low birth weight 1299 Definition: family history of asthma (negative=0, positive=1); atopic skin test (negative=0, positive=1); maternal smoking (no=O, yes=1); low socioeconomic status (no=0, yes=1).
*Defined in text: coded into five levels (as 0-4) for scores of 0, 1-60, 61-240, 241-960, 961-3800.
The magnitude of the estimated odds ratios is dependent on the integral values.
ASSOCIATION BETWEEN PERINATAL FACTORS AND CHILDHOOD SYMPTOMS
Wheeze was no more prevalent in the low birthweight children than in the reference group. Nevertheless there was a weak association between the prevalence of wheeze and both the neonatal oxygen score and maternal smoking (table 6) . The prevalence of cough in those who had no neonatal respiratory illness was no higher than in the reference group. It was, however, significantly higher in those who received neonatal respiratory treatment. The difference was largely attributable to the increase in the prevalence of cough in very low birthweight children (<1500 g) who had neonatal respiratory treatment (figure).
For those who required neonatal respiratory treatment, whether of very or moderately low birth weight (1501-2000 g), mechanical ventilation was not associated with an increase in symptoms at 7 years. The 10 children who were oxygen dependent beyond the neonatal period (those with bronchopulmonary dysplasia) had the highest prevalence of symptoms, but compared with other very low birthweight children without bronchopulmonary dysplasia, the difference was not significant.
The prevalence of asthma was extraordinarily low in the low birthweight children who received neonatal mechanical ventilation (5-9%), despite the fact that the prevalence of symptoms in those who received mechanical ventilation (wheeze 26-5%, cough 44%) was not different from those who received oxygen treatment alone (wheeze 24%, cough 40%). The prevalence of previous chest Ofthe group of very low birthweight children, 22 had no neonatal respiratory illness, 40 oxygen treatment only, and 14 mechanical ventilation; the numbers for those of moderately low birthweight were 11, 16, and eight, respectively. There were 10 children in the oxygen dependent group, all of whom weighed <1500 g at birth. infections and admissions to hospital for chest illness in the low birthweight children who had no neonatal respiratory illness was equivalent to that of the reference group, but these features were commoner in those who had neonatal respiratory illness.
Using multiple logistic regression analysis the hypothetical association was confirmed between the level of neonatal intensive care (oxygen score) and symptoms reported at 7 years, allowing for a positive history of asthma in the family, positive skin tests, maternal smoking, and low socioeconomic status (table 6 ). There was no correlation between oxygen score and other variables considered in the analysis. Addition of variables that reflect the use and extent of neonatal mechanical ventilation, including both its duration and the peak inspiratory pressure required, did not explain any further deviance than oxygen score alone. In addition, the prevalence of wheeze was associated with maternal smoking, but not with any other perinatal factors examined, suggesting that both maternal smoking and oxygen score were independently associated with the symptom. Mothers who smoked were likely to have done so before (92%) and during (79%) pregnancy, therefore it was not possible to analyse the effect of maternal smoking during pregnancy and during infancy independently.
Discussion

SUBJECTS
Our study of childhood respiratory symptoms in low birthweight children has several features that contribute to avoid the bias inherent in most previous studies.
The study cohort was recruited into this prospective follow up study at the time of birth or entry into the neonatal units, and perinatal data were recorded at the time of discharge. Consequently their participation in the study was not influenced by the severity of their neonatal respiratory illness or their symptomatology later on in life. In addition, the cohort was recruited in a chronologically confined period of 12 
QUESTIONNAIRE
Two questionnaires were used to obtain the history for each child. The second self administered questionnaire, which was identical both in content and in method of administration to the parents of both groups of children, formed the main data base for this analysis. It was essential to ensure that both the questionnaire and the method of administration were identical because subtle changes in the wording ofthe questions could have influenced the response. The design of the second questionnaire was such that the questions were simple and most of the responses required a simple tick indicating 'yes' or 'no'. For most items the index of repeatability was high, suggesting that the questions were comprehended.
The questionnaire technique is not necessarily inferior to that of the interview technique in clinical research. The main disadvantage of the interview technique is that it is susceptible to observer bias. An interviewer who is aware whether the subject is in the study or control group may consciously or subconsciously probe harder for some responses while neglecting others. Such bias is probably common but is notoriously difficult to detect or to eliminate. It is important because it can substantially influence the findings of a study. The questionnaire method has the distinct advantage that if identical questionnaires are used and the mode of administration is similar, there is no room for observer bias.
In common with all clinical studies, a major uncertainty is recall bias by the respondents. Recent studies showing the lack of agreement between parental reports of recurrent sore throat compared with prospective monitoring,21 between reported Respiratory symptoms in children of low birth weight 1301 respiratory illness compared with general practitioners records,22 and between diary scores of nocturnal cough compared with bedside tape recordings23 illustrate how much care is needed to validate reports of symptoms and illness. Because our low birthweight cohort had been seen at intervals since their discharge from our neonatal units (follow up at 3, 6, 9, 12, 18 months and 2, 3, and 5 years), we were able to verify that 74% and 75% of chest infections and hospital admissions for chest illness had already been documented in the first two years. Conversely, of the 14 and 18 children who had documented chest infection and hospital admissions, only two and one respectively were not reported as such by parents at 7 years. The number of admissions to hospital reported at 7 years was highly correlated with those documented in previous years (r=0-96). Our findings showed that misclassification due to parental failure to recall with respect to previous respiratory illnesses in the low birthweight cohort was small.
It was impossible to verify the reporting of such features as symptoms and cigarette consumption by parents. Accepting the fact that their verification was impracticable and probably technically impossible, we resorted to an alternative approach that was perhaps the next best. We examined the repeatability of the questionnaire responses. Although this did not test their validity, it reflected the general consistency of the responses obtained.
Although the same questions were asked and the overall repeatability compared favourably with other studies,24 the repeatability of the responses (x values) by the parents of the low birthweight children was in general better than that of the reference group. There are several possible explanations. Firstly, more parents of the reference group than the low birthweight cohort were of low socioeconomic status or from ethnic minorities. Secondly, the first questionnaire was administered to the parents of the low birthweight children by direct interview whereas that for the reference group was completed by the parents themselves without the assistance of an interviewer. Thirdly, the low birthweight children were recruited at or soon after the time of birth whereas the reference group was recruited at 7 years. (table 4) . It is essential to compare the findings in low birthweight children with those of a large random sample extracted from the general population of children of the same age rather than with 'normal' controls. Ideally the study and the reference group should have been matched for all possible confounding variables. In our study, we opted for an unselected random sample of local schoolchildren as our reference group. There was an excess of children of non-white origin and lower socioeconomic status due to an excess of single parent families. If these factors had had any detectable adverse influence on respiratory health it would be to minimise the difference found between the two groups and would not affect our conclusions. In any case, in testing the hypothetical association between long term symptomatology and neonatal respiratory treatment, these were adjusted for by statistical techniques.
Despite the increasing survival of prematurely born infants, the amount of literature on the long term respiratory symptomatology in these children is surprisingly scanty. Various indices of respiratory morbidity had been used in previous studies. Some were based on clinical diagnosis, some based on lower respiratory tract infection with changes in chest radiographs5 or requiring admission to hospital,25 2 whereas others were concerned with wheeze.3 27 Based on different criteria these studies, mostly reported in the 1970s, did not find increased wheeze or respiratory morbidity in prematurely born children or survivors of respiratory distress syndrome in childhood. It appeared, therefore, that complete recovery was the rule. These studies are difficult to interpret, however, as many of them did not include a matched control group.5 6 27 28 More-,over, many of these studies were designed primarily to examine outcome by other techniques. Because of their small study size, these studies had poor statistical power to test for a difference between groups. Not surprisingly, therefore, respiratory symptoms in long term survivors were either mentioned in passing or omitted altogether by many previous investigators.
We found that low birthweight children were no more likely to wheeze than a random population of children of the same age. Nor was a history of asthma more common in low birthweight subjects or in their parents than in the reference group.'6 The major difference in symptoms between the low birthweight and reference population was in the prevalence of cough. The possibility that the increase in cough in the low birthweight cohort might have been due to better recall by their parents was not supported by any increase in wheeze in these children.
In addition to an increase in the prevalence of previous chest infections and hospital admissions, a history of whooping cough was also more common in the low birthweight children. This could be due to differences in pertussis vaccination rate as at the time there had been a reluctance to give such vaccinations to low birthweight children. Some of the 'frequent troublesome cough' in these children could have been attributed to whooping cough (pertussis syndrome).
ASSOCIATION BETWEEN RISK FACTORS AND LONG TERM SYMPTOMATOLOGY
In contrast with the reference group, in the low birthweight cohort there was a significant association between wheeze at 7 years and maternal smoking (table 6) . A link between maternal smoking and the respiratory health of their children has previously been reported in epidemiological studies.2933 It is independent of many other confounding variables, and is probably a causal association that could be effected either postnatally or antenatally.34 3 Within the relatively small study size of the low birthweight cohort (n=121), it was not possible to determine which of these was the case, as less than 20% of mothers who smoked altered their smoking habits in relation to pregnancy.
The lack of a significant association between wheeze and a positive family history of asthma in the low birthweight cohort is surprising given the strength of the association in the reference group (table 5) . It suggests that other factors were predominant, and that our study was too small to enable us to detect an additional familial factor. Although there was no excess of wheeze in the low birthweight children compared with a random sample of healthy schoolchildren, both maternal smoking as well as neonatal oxygen score were weakly associated with the symptom at 7 years. The overall findings suggest that a family history of asthma does not significantly increase the risk of wheeze in the long term low birthweight survivors.
The association between neonatal oxygen score and childhood cough was not uniform in the cohort. The excess of cough was especially pronounced in the very low birthweight children who received neonatal intensive care (figure). This contrasts with the very low prevalence of symptoms in the other very low birthweight children who did not receive neonatal respiratory treatment. It is probable that very low birthweight children were more vulnerable to the effect of neonatal respiratory treatment than the remainder of the cohort and that the symptom that they manifested at the age of 7 was cough rather than wheeze. The hypothetical association between the symptoms at 7 years and the level of neonatal respiratory treatment (oxygen score) was confirmed by multiple logistic regression analysis, allowing for other variables which could have influenced the occurrence of symptoms.
Although the association between childhood symptoms and oxygen score confirmed that the former could be attributable to the level of neonatal intensive care received, it does not prove that the association is causal. It remains possible that their association was linked by other confounding factors such as host vulnerability, leading to both an increase in the level of neonatal respiratory treatment required as well as long term respiratory symptomatology. The relatively low level of symptoms, especially wheeze, in the low birthweight children compared with the reference group argues against the association being the result of preferential recall bias by their parents. But it also implies that even if the association were causal, the scope for improvement in symptoms in long term survivors might be limited. Similarly, though neonatal lung injury is clearly associated with mechanical ventilation, there was no significant excess of symptoms in those who received this form of treatment compared with those who had oxygen treatment Respiratory symptoms in children of low birth weight 1303 alone. Although this is a welcome finding, it does suggest that the potential for improving long term symptomatology through continuing advances in neonatal ventilatory technology is not great. Among all the perinatal risk factors examined, maternal smoking was the only significant factor that might be amenable to manipulation. With evidence that the effect of maternal smoking could be due to both antenatal and well as postnatal exposure, it would be important to advise abstention early in pregnancy or before conception.
In conclusion, we have found a relatively small excess of coughing in 7 year old children of low birthweight compared with a random sample of healthy schoolchildren of the same age. This symptom has been overlooked by previous studies. Its significance in the low birthweight cohort was confirmed by its association with the level of neonatal respiratory treatment. With progressive reduction in the level of symptoms experienced by the low birthweight cohort over the previous few years, one can afford to be optimistic about the long term outlook. This speculation could only be confirmed by longitudinal studies in subsequent years.
